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~ The present invention relates to arrangements
for determining the distance of an object from
a transmitter by utilising the refiection of elec-
tromagnetic waves and comprising means for
measuring the phase difference between the wave
leaving the transmitter and the contemporaneous
wave received at the transmitter after reflection
from the object.

In the near past, arrangements for lgcating
objects have, for the reason of economy of power
among other special reasons, used pulses (pref-
erably short sharp pulses) of repetition frequency
which may in general he supersonic, to modulate
a carrier wave to obtain information regarding
moving or stationary obstacles at a distance, for
example, an aircraft in flight.

The present invention has for its end to pro-
vide improved arrangements for obtaining the
distance of an object by utilising the reflection
of electromagnetic waves and the measurement
of a phase change occurring between the wave
leaving the transmitter and its reception at the
receiver after reflection at the object.

The change in phase produced bty the wave in
travelling from the transmitter to the object and
back to the receiver is a measure of the distance
travelled, and when the transmitter and receiver
are in close proximity to each other, the phase
change represents twice the distance of the ob-
jeet from the tr ansmltter for most practical pur-
poses.

According to one feature of the invention, ar-
rangements for determining the distance of an
object from a transmitier by utilising the reflec-

tion of electromagnetic waves and comprising 3

means for adjusting the frequency of the trans-
mitted wave until a specific phase change oceurs
between the ywave received at a receiver directly
from the transmitter and the wave received at
said receiver after reflection from the object is
characterised by further comprising means for
vectorially adding ab said receiver the energies
of the waves directly received from the trans-
mitter and the contemporansously received wave
after reflection from said object, and means for
automatically adjusting the frequency adjusting
means under the control of the vectorial sum of
the said energies.

In carrying cut -this feature of the invention
the frequency of the wave is adjusted so that
the veetorial sum referred to is a minimum in
which case the phase change between the direct
and reflected waves at the receiver is 180°. The
frequency then is a measure of the distance of
the object from the transmitter.

(Cl. 343—10)
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According to another feature of the invention
arrangements for determining the distance of an
object from a transmitter by utilising the reflec-
tion of electromagnetic waves and measuring the
phase change which occurs at a receiver hetween
the wave directly received from the transmitter
and the wave received after reflection from the
said object comprises means for producing and
transmitting two frequencies 71 and f2 and means
for comparing the phases of the beat frequencies
between f1 and f2 as received at a receiver di-
rectly from the transmitter and after reflection
from said object.

The following deseription in conjunction with
the accompanying drawings will render the in-
vention clear. _

In the drawings, Figure 1 is a diagram illus-
trating the relative positions of the transmitter
and receiver of the invention with respect to an
object the distance of which from the transmitter
is to be measured;

Fig. 2 is a diagram of the waves received di-
rectly from the transmitter and those received
by reflection from the object;

Fig. 3 is a diagram showing the sum with re-
spect to frequency of the directly received waves
and the waves received by reflection;

Fig. 4 is a block diagram of the circuits of one
embodiment of the invention;

Fig. 5 is o diagram illustrating the beat note
effect between two frequencies transmitted in ac-
cordance with the invention;

Fig. 6 is a diagram illustrating one manner of
varying one frequency of the system utilizing two
frequencies;

Fig. 7 is a block diagram of the cxrcults of
another emhbodiment of the invention;

Fig. 8 is a circuit diagram of a portion of the
arrangement of Fig. 4, showing a modified form;

Fig. 8 is a circuit diagram of a portion of Fig.
4 showing another modified form;

Pig. 10 is a block diagram of still another form
of the invention;

Fig. 11 is a circuit diagram of a portlon of the
arrangement of Fig. 7 showing a modified form
of the indicating device.

In the arrangements according to the inven-
tion continuous transmission and reception take
vplace and conseguently separation of the trans-
mitter and receiver are necessary but they may be
kept in close proximity by using directive antenna
arrays. Fig. 1 shows in a general way the relative
pesitions of the transmitter T and receiver R and
the object O to be located, it being understood
that the distance between the transmitter and re-
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ceiver may be very small with respect to the dis-
tance H. The distance H which is usually the
distance required to be known can readily he
determined on obtaining the time required for
a radio signal to travel from ths transmitter to
the receiver via the object— say T secs.

According to one embodiment of this invention
the carrier wave is modulated with a frequency
¥ such that

1
2F

the time of one half cycle, is equal to . The
relative amplitudes of the transmitfed signal at
the transmitter and receiver will then be as
shown in Fig. 2, where A showg the signal at the
transmitter, and B the signal at the receiver dis-
placed in time by £ secs. If rectified, the low fre-
quency current obtained will be just 1803° out of
phase with the signal used for modulating the
carrier at the transmitter. These conditions can
be readily observed, and give a rigid relationship
between H and P, the measurement of the latter
affording a meang of direct calibration for H.

A method of determining the eorrect frequency
is to add the modulating signals in the trauns-
mitter and demoduiated signals in the receiver
together, and note the frequency giving a mini-
mum resultant signal, that being when they are
180° out of nhase. :

Figure 3 shows the variation of resultant volt-
age with frequency on adding the phased trans-
mitted and reflected received A. C. voltages to-
gether, F' representing the completely out-of-
phase point. It will bs ohserved that when f5 and
fe are located one on either side of F, i. e. when
f=F, the resultant veltages are equal.

Figure 4 shows schematically, arrangements
for obtaining these conditions of complete anti-
phase automatically and indicating the frequency
at which the said conditions are obtained.

Referring to Fig. 4, { is an adjustable fre-
quency oscillator whose frequency ¥ can be in-
dicated as a voltage by frequeney discriminator
circuit 2 and indicator I. Any arbitrary ire-
guency from oscillator §{, say f, is modulated
preferably in a balanced modulator 4 by a fre-
guency from oscillator 8, resulting in two side
bands which are separated by filters 5 and §, pro-

-duecing the outputs fs, fs, respeciively both of
‘which are applied to modulate the transmitier
T, the output from which is radiated towards the
object O from antenna TA. The cutput from an-
tenna TA will thus consist of a high frequency
carrier wave amplitude modulated by frequencies
f5 and fs.

The waves after reflaction from the object are
rveceived by coillector antenna RA and fed to the
receiver R. At the recsiver B these two tones
75, fo veceived afier reflection are separated by

filters 7 and 8 and then at modulator unifs or -

frequency mixzer units & and 18, respectively, the
energies are added to energies of thelr corre-
sponding freguenciss frem the outputs of filters
5 and 6. If frequency f, is at some frequency
other than at frequency ¥, as shown in Fig. 3,
the cutputs from modulators § and §3 will be un-
equal. The two cuiput voltages from modulators
3 and @ are rectified in rectifiers Rf and RE, re~
spectively, and applied to differential circuit {1
to obtain a differential output which is applied
to vary the frequency of oscillator | until the
output frequency is equal fto frequency ¥, in
which case, it will be noied from Figure 3, the
output from modulators 9 and {9 will be equal,
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and a stable condition will exist—with the in-
dicator I of the frequency discriminator circuit 2
glving an indication of frequency F.

The differential unit {{ may be a mechanical
arrangement according lo standsrd practice, or
it may be electrical, use being made of the dif-
ferential output veltage taking account of sign
to control the frequency of oscillator { in known
manner as by means of the Miller efiect. The
actual voltage difference at the output of differ-
ential circuit 1{ is controlled by the instantanecus
voltages of modulators & and {8, and these latter
increase with increased diffsrence between ire-
quencies f, and ¥.

An alternative arrangement for obtaining an
indication of the fregusney F is shown in Fig. 8
and comprises a cathcde ray cscillograph CR.
To one pair of defleciing elements, for example,
the vertical pair, ths ocutput of BRI or R2 is fed
and the output of the discriminator 2 is fed fo
the horizontal pair. The horizontal scale of the
oscillograph then corresponds o ths range of
frequency modulation and the vertical scale to
the sum of the signal voltages transmitted and
received. The resuliing curve or trace obfained
on the oscillegraph scresn by varying the fre-
guency of oscillation cyclically is of ths shape
shown in ¥igure 3, the point F on the horizontal
seale being an indication of the distance of the
chject from the eguipment location.

A single cne of the meodulaticn frequencies fs
and fs also only need be used if the {requency of
the oscillator f can be varied manually until a
maximum peak or minimum dip (Fig. 3) on the
cathode ray oscillograph is cbtained. Such an
arrangement is shown in Fig. 9 where the oscil-
lator § may be at the frequency /s, so that the
filters § and & snd the modulator 4 and con-
stant frequency ozcillator 2 of ¥Fig. 4 may be
cmitted. The flters 7 and 8 and the modulator
{6, az well as the differential circuit {{ of Fig.
4, may then also be omitted, as shown. The os-
cillator § is then varied manually by means of
the knob K.

The range of modulating freguencics involved
would be as follows, neglecting separation dis-
tance of transmitier and receiver,

If H=1 mile; time interval between transmitter and

1'ece1ver=m sec.
1 _ 186000
186000

If H=06 miles, F= =7,750 C. P. 8.

24

mxcept under conditions when the distance
from the object is small compared with the dis-
tance between transmitter and rsceiver; direet
pick up by receiver from the transmitter can be
negiected as this will only aid the transmission
by direct connection ketween transmitier and re-
ceiver. If greater accuracy is required corraction
{or phasing should ke undertaken.

There seems 1o be a mumber of advantages in
system similar to this, as compared
718 using the rzflection of pulses.

1 aeroplans to aercplane, the fre-
involved is smali so that there is
less B ity of a located plane picking uy the
transmission, especially on a spars harmonie.
Fhe same apparatus can easily he used for nor-
mal communication and in fact could probably
be morse modulated at the same time, an as-
pect which should be useful in blind-landing

n
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of an object from & transmitter by utilising the
reflection of electromagnetic waves and measur-
ing the phase difference which occurs at a receiver
between the wave directly received from the
transmitter and the wave receiveg after reflec-
tion from said object, comprising means for
transmitiing waves at two freguencies, means for
cyclically varying one freguency of the trans-
mitted wave, a receiver positioned at & known
distance from said transmitier, a cathode ray
oscillograph, means for applying a component
of the varied freguency of the transmitted wave
to one deflecting unit of said oscillograph, means
for veetorially adding at said receiver the ampli-
tudes of the waves received directly from the
transmitter and after reflection from said object,
and means for applying the vectorial sum of said
amplitudes to the other deflecting unit of said
cathode ray oscillograph, whereby a trace is pro-
duced on said osciliograph indicating g minimum
vectorial sum at a particular freguency which
is a measure of the distance of the object.

2. Apparatus for determining the distance of
an cbject from a refersnce point comprising a
transmitter and a receiver located at a known
distance from said transmitier, said transmitter
having an adjustable frequency oscillator and
means for transmitiing eleetromagnetic waves
derived from said oscillator, said receiver being
adapted to recelve energy from the transmisted
electromagnetic waves which are refiected from
said object and also directly from said trans-
mitter and containing a civeuit for vectorially
adding said energies, s circuit connecting said
last-mentioned circuit and said adjustable fre-
quency oscillator for adjusting the frequency of
said oscillator in accordauce with said vectorial
sum so that a predetermined phase displacement
exists at the receiver between the two wave
energies, and means to utilize the amount of said
adjustment as a measure of said distance.

3. Apraratus according to claim 2 wherein the
circuit for adjusting the freguency of said oseil-
lator includes means for producing g frequency
adjustment of the oscillator which makes the
vectorial sum g minimum.

4. Apparatus for determining the distance of
an object from a reference point comprising a
transmitter and a rsceiver, means at said trans-
mitter to produce two frequencies, at least one of
which is adjustable, means for transmitting from
said transmitier an electromagnetic carrier wave
modulated by said two frequencies, said receiver
keing adapted to receive the transmitted electro-
magnetic waves after reflection from said ohject
and also waves directly from said transmitter,
said receiver comprising filters for separating the
modulations of the received reflected waves,
medulator circuits connected to the output of
said filters and to said frequency-producing
means, a differential circuit connected to said
modulator circuils and adapted to add vectorially
energies derived from the received reflected waves
and from the waves received directly from said
transmitter, and a circuit responsive to the out-
put of the differential device for adjusting the
adjustable frequency at said transmitter to
decrease the output from said differential device
to a minimum.

5. Apparatus according %o claim 4 wherein the
two frequencies are produced by a low frequency
oscillator and a varizble frequency oseciliator
whose outputs beat together to provide sum and
gifference frequencies.

6. Apparatus for determining the distance of
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an opject from a reference point comprising a
transmitter and a receiver .lccated at a known
distance from said transmitter, said transmittsr
having a low freguency oscillator and a variable
frequency oscillator whose outputs beat together
to provide sum and differsnce frequencies, means
for transmitting from said transmijter an elec-
tromagnetic carrier wave modulated by the fre-
quenecy from both said oscillators, said receiver
being adapicd to receive the transmitted electro- .
magnetic waves after reflection from said object
and also waves dirvectly from said transmitter,
said receiver comprising filters for separating the
modulations of the received reflected waves, a
cathode ray oscillegraph having two deflecting
units, means to apply to one of said units g volt-
age depending on the amplitudes of the said sum
and difference frequencies, and means to apply
to said other unit the voctorial sum of the trans-
mitted and received ensergies corresponding to
one of said sum or difference frequencies.

7. The method of determining the distance of
an object irom a given reference position which
comprises generating two frequencies, translat-
ing said frequencies inio electromagnetic waves,
radiating said waves in the direction of said
chject, receiving said waves by reflection from
sald object, producing a first beat frequency
between the two generated frequencies at said
position, producing a second beab frequency
between $he two frequencies received by reflec-
tion from said object, comparing the phases of
said first and second beat frequencies, and utiliz-
ing the phase displacement therebetween as a
measure of the distance of said object from said
position.

8. The method according to claim 7 which
comprises the step of maintaining a constant
relationship between the amplitudes of the first
and second heat frequencies. :

9. The method according to claim 7 wherein
at least one of the two frequencies is varied so
as to produce variable beat frequencies, and in-
cluding the step of producing an indication of
the frequency which is varied when s predeber-
mined phase difference exists between said firs
and second beat frequencies. '

10. Apparatus for determining the distance of
an object from a reference point comprising &
transmitter and a receiver, said transmitter
comprising & high frequency oscillator, a low
irequency oscillator and means for modulating
the output of the high frequency oscillator by
said low frequency oscillator, filters for separat-
ing the sum and difference frequency products
of meodulation, another oscillator whose fre-
quency is cyclically and continuously varied, and
means to beat the output of the last mentioned
oscillator with one of said sum and difference
frequencies, said transmitter comprising means
to radiate said sum and difference frequencies
towards said object as modulated electromag-
netic waves, seid receiver being adapted to re-
ceive said waves after reflection from said of-
ject, means fed from said filters in said trans-
mitter to beat said sum and difference fre-
quencies together after the beat is produced be-
tween one of them and the output of said last
mentioned oscillator, and including means to
beat the received sum and difference frequencies
together, means for measuring the phase differ-
ence between the beat produced by said receiver
beating means and the last mentioneq beating
means associated with said transmitter, and
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means for utilizing said phase difference as a
measure of said distance.

11.Apparatus according to claim 10 in-which
the beat frequencies used to determine the phase
difference measurement are also both rectified
and the rectified components are applied differ-
entially as a-gain controlling voltage to a low
frequency amplifier forming part of the receiver,
50 as to maintain a definite relation between the
vectorially added beat frequency amplitudes.

12. Apparatus for determining the distance of
an object from a reference position comprising
a transmitter adapted to transmit in the direc-
tion of said object, a receiver located at a known
distance from said transmitter and adapted to
receive energy by reflection from said object, an
oscillator connected so as to modulate the car-
rier wave of said transmitter, means to adjust
the frequency of said oscillator, means to pro-
duce a beat between the output of said receiver
and the output of said oscillator, means to in-
dicate the amplitude of said beat, and means
to determine the distance of said object from
said position by the adjustment of said oscilla-
tor necessary to reduce the amplitude of said
beat to a minimum.

13.- Apparatus in accordance with claim 12, in
which a cathode ray tube is used both as the
indicating means and as the distance determin-
ing means.

14. Apparatus for determining the distance of
an object from a reference position comprising
transmitting apparatus, means to cause said ob-
ject to transmit two different frequencies in the
direction of an object to be located, a receiving
apparatus located at a known distance from said
transmitting apparatus, and adapted to receive
the two frequencies after reflection from said
object, means included in said transmitting ap-
paratus adapted to produce a beat between the
two frequencies transmitted thereby, means in-
cluded in said receiving apparatus to produce a
beat between the frequencies received thereby,
reans to compare the phase of the two beats,
and means to determine the distance of said
opject from the phase displacement of said
beats.
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15. Apparatus according to claim 14 in which
the phase comparing means is a bphase meter
producing a voltage the magnitude of which is
determined by the phase displacement and the
distance determining means is a meter operated
by said voltage and calibrated in distance units.

16. Apparatus for determining the distance of
an object from a reference position comprising
a transmitter located at said position, means to
cause said transmitter to transmit two fre-
guencies in the direction of said cbject, a receiver
located at a known distance from said trans-
mitter and adapted to receive said two fre-
quencies reflected from said object, means in-
cluded in said receiver to separate said fre-
quencies, two separate means to beat each of said
received frequencies, respectively, with the cor-
responding frequency as produced at said trans-
mitter, differential means to compare the ampli-
tudes of the beat frequencies produced by said
beating means, means contrelled by said differ- -
ential means to adjust at least one of the fre-
quencies transmitted by said transmitter so as
to maintain the amplitude of the beat frequencies
at a minimum, and means to utilize the frequency
adjustment as a measure of said distance.

PRAFULLA KUMAR CHATTERJEA.
LESLIE WILFRED HOUGHTON.
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